Two strains of Gram-staining-negative, rod-shaped bacteria that were motile by gliding, N7d-4 T and B4a-b5, were isolated during a study of culturable bacteria in soil cultivated with potatoes. These isolates grew at 15-37 6C and at pH 6.5-7.0. The major cellular fatty acids were summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c), anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 17 : 1 v9c. The major polar lipids were phosphatidyl-N-methylethanolamine and phosphatidylethanolamine. The strains contained d-18 : 0 and d-19 : 0 sphingosines. The DNA G+C contents of strains N7d-4 T and B4a-b5 were 48.5 and 46.9 mol% (HPLC), respectively. A phylogenetic analysis based on 16S rRNA gene sequences showed that strains N7d-4 T and B4a-b5 were affiliated with Pedobacter species in the family Sphingobacteriaceae. Strains N7d-4 T and B4a-b5 shared 99.9 % sequence similarity, and the most closely related Pedobacter type strains were Pedobacter composti TR6-06 T (96.5 and 96.7 % sequence similarity, respectively), P. oryzae N7 T (95.4 and 95.6 %) and P. caeni LMG 22862 T (94.0 and 94.4 %). Phenotypic data and phylogenetic inference clearly distinguished the two isolates from other Pedobacter species. Based on these data, the isolates are considered to represent a novel species of the genus Pedobacter, for which the name Pedobacter luteus sp. nov. is proposed. The type strain is N7d-4 T (5KCTC 22699 T 5DSM 22385 T ).
The genus Pedobacter was proposed to accommodate two former Sphingobacterium species, Pedobacter heparinus (the type species) and P. piscium, and two novel heparinaseproducing species, Pedobacter africanus and P. saltans; the genus Pedobacter was allocated to the new family Sphingobacteriaceae (Steyn et al., 1998) . The description of the genus has been emended several times (Vanparys et al., 2005; Hwang et al., 2006; Gallego et al., 2006) . Members of the genus Pedobacter are Gram-stainingnegative, aerobic, oxidase-and catalase-positive bacteria that contain sphingolipids and menaquinone 7 (MK-7) as the major respiratory quinone (Margesin & Shivaji, 2011) . At the time of writing, the genus Pedobacter contains 35 species with validly published names, isolated from various environments such as soil (Yoon et al., 2007a, b; Roh et al., 2008; Jeon et al., 2009; Zhang et al., 2010; Jung et al., 2012) , water (Baik et al., 2007; Gallego et al., 2006; Muurholm et al., 2007) , a nitrifying inoculum (Vanparys et al., 2005) , freshwater lake sediment ), a hypertrophic pond (Hwang et al., 2006) , glaciers (Margesin et al., 2003; Shivaji et al., 2005) , compost ), a ginseng field (Ten et al., 2006) and the plant rhizosphere (Kwon et al., 2007 (Kwon et al., , 2011 .
During a study of bacterial diversity in a soil sample, a number of novel bacterial strains were isolated. Based on their 16S rRNA gene sequences, two isolates, designated N7d-4 T and B4a-b5, were tentatively allocated to the genus Pedobacter. This study was conducted to establish the exact taxonomic position of strains N7d-4 T and B4a-b5 by means of a polyphasic analysis.
Strains N7d-4 T and B4a-b5 were isolated from two different soil samples collected from a field cultivated with potatoes in Chungcheongbuk-do, Korea (36 u 439 000 N 127u 269 120 E), by serial dilution onto R2A agar (Difco). The plated samples were then incubated at 25 u C for 7 days. Pure cultures were grown routinely on R2A agar at 25 uC and stored as suspensions in an aqueous glycerol solution (20 %, v/v) at 270 u C.
Genomic DNA of the two isolates was extracted according to Sambrook & Russell (2001) for G+C content determination and 16S rRNA gene sequence analysis. The 16S rRNA genes of strains N7d-4 T and B4a-b5 were amplified by PCR using universal primers 27f and 1492r as described previously (Lane, 1991) . The sequences were compiled with the SeqMan software (DNASTAR) and compared with 16S rRNA gene sequences available from GenBank using the BLAST program (http://www.ncbi.nlm.nih.gov/blast/), the Ribosomal Database Project (Maidak et al., 2001 ) and the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) to determine their approximate phylogenetic affiliation. The 16S rRNA gene sequences of the isolates and closely related type strains were aligned using the CLUSTAL_X software (Thompson et al., 1997) and phylogenetic trees were reconstructed with the MEGA program (Tamura et al., 2011) using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony methods. The topology of the neighbour-joining phylogenetic tree was evaluated via a bootstrap analysis (Felsenstein, 1985) , based on 1000 replications.
The almost-complete 16S rRNA gene sequences of strains N7d-4 T and B4a-b5 (1403 and 1375 bp, respectively) shared 99.9 % similarity, suggesting that they belong to the same species. Strains N7d-4
T and B4a-b shared the highest similarity with Pedobacter composti TR6-06 T (96.5 and 96.7 %, respectively), P. oryzae N7 T (95.4 and 95.6 %) and P. caeni LMG 22862 T (94.0 and 94.4 %). A phylogenetic tree showing the relationships between the two isolates and representatives of the genus Pedobacter is shown in Fig. 1 Strains were cultivated aerobically on R2A agar at 25 u C for 3 days for physiological and biochemical characterization. The following tests were performed on strains N7d-4 T and B4a-b5 only. Cell morphology was examined using phasecontrast (Nikon Optiphot-2) and scanning electron (Hitachi S4300N) microscopy. Gliding motility was tested on a fresh R2A broth culture using the hanging drop technique (Bernardet et al., 2002) . Growth was assessed on nutrient agar (NA; Difco), trypticase soy agar (TSA; Difco) and MacConkey agar (Difco). Gram staining was conducted using a Difco Gram stain kit. The presence of oxidase activity was assessed using the bioMérieux oxidase reagent, and catalase activity was detected by placing drops of 3 % (v/v) H 2 O 2 on cultures growing on R2A agar and observing the production of oxygen bubbles. Growth at pH 5.0-9.0 (at intervals of 0.5 pH units) was tested in R2A broth adjusted using 0. carbonate buffer (pH 9.0). The pH-adjusted R2A broth was sterilized using a 0.22 mm syringe filter. Growth on R2A agar was tested at 4, 10, 15, 20, 25, 30, 37, 40 and 45 u C and at 25 u C in R2A broth containing 0-3 % (w/v) NaCl (at intervals of 1 % NaCl). Growth at different pH and NaCl concentrations was evaluated by measuring the OD 600 over a period of 3-7 days using a DU 730 UV/Vis scanning spectrophotometer (Beckman Coulter). Growth under anaerobic conditions [¢10 % (v/v) carbon dioxide] was tested on R2A agar supplemented with 0.2 % (w/v) KNO 3 incubated at 25 u C for 7 days with a GasPak EZ anaerobe pouch system (Becton Dickinson).
The following tests were performed on the two isolates and the four reference strains. Hydrolysis of casein and starch was tested according to standard microbiological methods (Atlas, 1993) , and degradation of CM-cellulose (0.5 %) and xylan (1 %) was tested using R2A agar as the basal medium according to Ten et al. (2004) . API 20E, API 20NE, API 50CHB and API ZYM test strips (bioMérieux) were used to analyse biochemical and physiological traits and sugar fermentation patterns. API 20E, API 20NE and API 50CHB strips were read after 2 days at 25 u C, while API ZYM strips were read after 4 h of incubation at 37 u C. GN2 MicroPlates (Biolog) were used to assess oxidation of 95 different carbon compounds, after 2 days at 25 u C.
Cells of strain N7d-4 T were rods, 0.3-0.5 mm in diameter and 0.5-1.0 mm long. Both strains N7d-4
T and B4a-b5 were Gram-staining-negative, oxidase-and catalase-positive, T were cultured on R2A agar at 25 u C for 3 days. Fatty acid methyl esters were extracted after saponification and methylation according to the standard protocol of the MIDI/ Hewlett Packard Microbial Identification System (Sasser, 2001) , analysed by gas chromatography (model 6890N and autosampler 7683; Agilent) and identified using the Microbial Identification Sherlock software package (MIDI Inc.; TSBA40 library, version 6). The major cellular fatty acids of strains N7d-4 T and B4a-b5 were summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; 16.9 and 9.8 %, respectively), anteiso-C 15 : 0 (13.6 and 16.5 %), iso-C 15 : 0 (11.5 and 16.0 %), iso-C 17 : 0 3-OH (9.6 and 15.1 %) and iso-C 17 : 1 v9c (6.9 and 7.7 %) ( Table  2 ). The fatty acid compositions of the two isolates were similar to those of the four reference strains, with only minor quantitative differences.
Polar lipids were extracted and analysed by two-dimensional TLC (silica gel F 254 ; Merck) according to Tindall (1990) and Altenburger et al. (1996) . Total lipids were detected by spraying one plate with 5 % ethanolic molybdophosphoric acid and other plates with ninhydrin, molybdenum blue and a-naphthol for specific detection of aminolipids, phospholipids and glycolipids, respectively (Fig. 2) . Phosphatidyl-N-methylethanolamine, phosphatidylethanolamine, four unknown polar lipids and three unknown aminolipids were detected in strains N7d-4 T and B4a-b5. Phosphatidyl-N-methylethanolamine was not detected in the reference strains.
Sphingolipids were extracted from 200 mg freeze-dried cells and identified by GC-MS analyses according to Nohynek et al. (1996) . DL-Dihydrosphingosine (Sigma D6283) was used as a reference. d-18 : 0 and d-19 : 0 sphingosines were detected in strains N7d-4 T and B4a-b5 and the four reference strains (Fig. S1 , available in IJSEM Online). Isoprenoid quinones were extracted from 100 mg freezedried cells, cultured in R2A broth at 25 u C for 3 days according to Collins & Jones (1981) and purified by preparative TLC. The quinones were identified by HPLC (Hitachi L-5000) equipped with a reversed-phase column (YMC pack ODS-AM), as described by Komagata & Suzuki (1987) . The only respiratory quinone of strains N7d-4 T and B4a-b5 was menaquinone 7 (MK-7), in line with all other members of the family Sphingobacteriaceae (Margesin & Shivaji, 2011) .
The DNA G+C contents of strains N7d-4 T and B4a-b5 and P. heparinus KCTC 12437 T were determined using the method described by Mesbah et al. (1989) . Briefly, chromosomal DNA was hydrolysed into nucleosides with nuclease P1 and alkaline phosphatase. The resultant nucleosides were analysed by HPLC using a reversed-phase column (Supelcosil LC-18S; Supelco). The DNA G+C contents of strains N7d-4 T and B4a-b5 were 48.5 and 46.9 mol%, respectively. These values are significantly higher than those of related Pedobacter species (Table 1) .
The level of DNA-DNA relatedness between strains N7d-4 T and B4a-b5 was determined using a photobiotin-labelled 16.9 9.8 6.4 22.9 40.4 27.4 9 2 2 2 2 2 9.0 *These compounds have no name listed in the peak library file of the MIDI system and therefore were not identified. DSummed features are groups of two or three fatty acids that could not be separated by GLC using the MIDI system. Summed feature 3 contained iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; summed feature 9 contained iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 .
DNA probe according to Ezaki et al. (1988) . Hybridization was performed in microplates at 44 u C in the presence of 50 % formamide. Genomic DNA of strain N7d-4 T exhibited a DNA-DNA relatedness value of 92 % with respect to strain B4a-b5, and the reciprocal value was 112 %, confirming that the two strains belong to the same species (Stackebrandt & Goebel, 1994) .
On the basis of the data described above, strains N7d-4 T and B4a-b5 are assigned to a novel species of the genus Pedobacter, for which the name Pedobacter luteus sp. nov. is proposed.
Description of Pedobacter luteus sp. nov.
Pedobacter luteus (lu9te.us. L. masc. adj. luteus, orangeyellow, referring to the colony colour on R2A agar).
Cells are Gram-staining-negative, catalase-and oxidasepositive, strictly aerobic rods, 0.3-0.5 mm in diameter and 0.5-1.0 mm long, and motile by gliding. Colonies on R2A agar are convex, smooth, entire and approximately 2-3 mm in diameter after 1 week. Colonies are light yellowpink on NA and orange-yellow on R2A agar. Growth occurs at 15-30 u C (optimum, 25 u C); growth at 37 u C is strain-dependent (type strain negative). No growth on MacConkey agar. Growth occurs in the presence of 0-1 % (w/v) NaCl (optimum growth in the absence of NaCl) and at pH 6.0-8.0 (optimum, pH 7.0). Casein, CM-cellulose, starch and xylan are not hydrolysed. Hydrolysis of Tween 80 is strain-dependent (type strain negative). In the API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, N-acetylb-glucosaminidase and a-fucosidase activities are present, but a-galactosidase, b-glucosidase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase and a-mannosidase activities are absent. b-Galactosidase and aglucosidase activities are strain-dependent (type strain weakly positive). In the API 20E strip, the result of the Voges-Proskauer test is strain-dependent (type strain negative), and all other tests are negative. In the API 20NE strip, b-galactosidase activity and utilization of Nacetylglucosamine are strain-dependent (Table 1) and assimilation of glucose, mannose and maltose is positive; all other tests are negative. In the API 50 CH strip, acid is not produced from any of the carbon sources. In the GN2 MicroPlate, only D-glucose and L-proline are oxidized. The predominant cellular fatty acids are summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c), anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 17 : 1 v9c. The complete fatty acid profile is given in Table 2 . The only quinone is MK-7, and the major polar lipids are phosphatidyl-N-methylethanolamine and phosphatidylethanolamine. d-18 : 0 and d-19 : 0 sphingosines are present. The genomic DNA G+C content of the type strain is 48.5 mol%.
The type strain is N7d-4 T (5KCTC 22699 T 5DSM 22385 T ), isolated from soil of a potato field in Korea. Strain B4a-b5 (5KCTC 22698), isolated from a second sample from the same field, is a second strain of the species.
